and ground-based gas-turbine engine applications. This TBC is a two-layer system with a bond coating of nickel-chromium,-aluminum-yttrium (Ni-16Cr-6A1-O.6Y, in wt. %) and a ceramic coating of yttria stabilized zirconia (ZrO2-12Y2O3, ao°i in wt. %). Tests (ref. 1) have been conducted to determine corrosion resistance. w thermal protection, durability, thermal conductivity, and fatigue characteristics.
The information presented herein covers some of the significant test results obtained on the first three items. The information also includes photographs of coated parts after tests, measurements of coating loss, amount of metal wall temperature reduction when the TBC is used, and extent of base metal corrosion.
RESULTS AND DISCUSSION
2.1 Solid, High Temperature Alloy Pins the corrosion protection and durability of the TBC and its capability for pro-)n of base metal parts from corrosion in marine diesel fuel products of comon was tested with four coated, solid pin-type specimens made from Rene 80 1) . The fuel contained 1 weight percent of sulphur and 10 parts per million a salt. The uncoated diameter of these pins was 0.318 centimeter. The tests a burner rig simulated coating operation in mAriae gas-turbine engines.
One specimen withstood 1000 hours (40 cycles) of testing. A cycle consisted of 23 hours at a gas (and metal) temperature of 978 K with a 2 hour cool-down period to 300 K. Nominal, polished zirconia thickness before testing was 0.038 centimeter (bond coating thickness was about 0.01 cm) and metallographic examination after testing showed that about 0.008 centimeter of yttria stabilized zirconia was lost during the test. The TBC on the second specimen cracked and spalled after 322 hours or 14 of these cycles. The other two specimens were heated with this rig from about 300 K to a higher temperature of 1170 K. and then cooled down to 300 K. One of these specimens ran for 450 hours before cracks appeared in the ceramic: the other specimen was tested for 800
hours before cracking and spallation occurred. Metallographic examination showed no base metal deterioration nn any of the four specimens. The results of these corrosion protection and durability tests indicated to the government laboratory That the TBC is as good as some other coating systems also tested at these cyclic conditions.
This polished coating was also tested in this rig at more severe conditions:
in this case a cycle consisted of 48 hours at 978 K, 24 hours at 1061 K. 24 hours at 1 170 K and cooling in still air to 300 K. The duration of a full cycle was about 100 hours. These burner rig tests simulated the same marine gas-turbine environment described above, but the uncoated pin diameter was 0.953 centimeter, or three times larger. The TBC on the larger diameter pin did not crack after 10 cycles of operation for a test duration of 1000 hours. These tests suggest that the TBC becomes more durable as pin diameter (or analgously, , as turbine vane and blade leading edge diameter) is increased. Reasons for this better durability (no cracking) are probably due to the reduced stress in the TBC on larger diam-eter pins and to the greater ease of plasma-spray application which can give more consistent TBC deposition on larger diameters.
Turbine Vanes-Military Aircraft Engine
An uncoated vane located in a hot gas region (about 1700 K) melted and burned during accelerated cyclic endurance tests in a military aircraft engine. This occurred during the first 60 hours of bimodal cyclic operation which included 240
cycles between an average gas temperature and pressure of 1550 K and 2.2 N1Pa , respectively, to shutdown, and 1920 cycles at this gas condition to idle. This partially monoclinic, such a reaction may ba partly responsible for the minute loss of the TBC after 300 hours of cyclic operation.
Combustor Dome and Scroll and Turbine Nozzle Shroud
Tests were conducted on the TBC in an air-cooled combustor dome and scroll, and turbine nozzle shroud of a military ground-vehicle engine at gas temperatures and pressures of 1467 K and 1.5 MPa . The uncoated parts deteriorated early at these gas conditions, but after the TBC was applied the deterioration stopped. Inspection of the coated parts after 500 hours of testing showed that the metal parts remained coated and showed no visible deterioration.
Inspection of the engine, however, showed that some erosion of the TBC occurred because mini-'e deposits of yttria stabilized zirconia meterial were found lying the ducting recesses. Bond and ceramic coating thickness estimates are 0.013 to 0.025 centimeter and 0.038 to 0.127 centimeter. respectively.
Turbine Plenum -Vehicular Engine
The hot-spot area of the turbine plenum was plasma-sprayed with the TBC. indicate that better coating system durability was obtained on a burner rig and furnace specimens wh;,n the percent by weight of yttria was reduced to 6.2 or 7.9 in the zirconia ceramic coating and when the percent by weight of yttrium was reduced to 0.15 or 0.35 in the bond coating. These ceramic and bond coatings were not used herein.
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